The typical Spanish dry-cured ham has a particular sensory quality that makes it a distinctive food, highly appreciated for consumers worldwide. Its particular physicochemical properties, such as high salt content and reduced water activity contribute to their shelf-stability. However, post-processing actions carried out for the commercialization of these products such as slicing may increase the risk of development of pathogenic microorganisms as Listeria monocytogenes. During ripening, muscle proteins are hydrolyzed by muscle peptidases releasing peptides and free amino acids. Some of these peptides have been described to exert biological activities such as antioxidant and ACE-inhibition. In this study, a peptidomic strategy using mass spectrometry techniques has been used to identify and sequence those naturally generated peptides showing antilisterial activity. One hundred and five peptides have been identified in active fractions and some synthesized and their MIC calculated. Ten peptides were able to inhibit the growth of L. monocytogenes, being the pentapeptide RHGYM the most effective showing a MIC value of 6.25 mM. This study proves for the first time the potential antimicrobial action against L. monocytogenes of certain naturally generated peptides obtained from Spanish dry-cured ham.
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INTRODUCTION
Basically, the preparation method involve four main stages: conditioning of pieces, salting, post-salting and dry-curing. During the salting step, a microbial reservoir is especially created on the surface of hams produced from microorganisms present in the salt and environment (Cornejo et al. 1992) . Some of these microorganisms together with endogenous enzymes contribute to the changes occurred during dry-cured processing such as proteolysis, lipolysis and nitrate reduction influencing the sensory quality of hams (Toldrá 1998; Sondergaard and Stahnke 2002) .
Dry-cured ham is a Ready-To-Eat (RTE) meat product, which is sliced and packaged under vacuum as an extra protection barrier prior to distribution and commercialization.
However, these post-processing actions could favor the contamination of the product due to the development of pathogenic organisms such as L. monocytogenes (Chaitiemwong et al. 2014) . In fact, L. monocytogenes is difficult to eradicate owing to its resistance to drying and high salt concentrations, being its survival in dry-cured meats a major food safety concern (Nightingale et al. 2006) . Immunocompromised patients, pregnant women, children and elderly people are primarily affected by listeriosis, a rare but extremely serious zoonosis (Giovannini et al., 2007) . Low morbidity and very high mortality rates (20%) have been related to listeriosis (EFSA and ECDC 2015) , which makes the elimination or reduction of L. monocytogenesisteria from food processing plants a constant challenge for RTE food producers.
The ripening process of Spanish dry-cured ham is very long and could be up to 24 months in drying chambers. During the processing, different chemical and biochemical changes occur obtaining, as a result, the characteristic color, flavor and taste of drycured ham (Toldrá et al, 1992) . Among all the complex biochemical reactions occurring during dry-cured hams processing, proteolysis is one of the most important. In this   3   44   45   46   47   48   49   50   51   52   53   54   55   56   57   58   59   60   61   62   63   64   65   66   67   68 process, muscle proteins are hydrolyzed by muscle endogenous enzymes with the release of small peptides and free amino acids (Toldrá and Flores 1998; Lametsch et al. 2003) . The role of sarcoplasmic and myofibrillar proteins in the generation of small peptides have been previously described in the final product (Sentandreu et al. 2007; Mora et al. 2008; 2010; , and during the dry-curing process at different times (Gallego et al. 2014; Mora et al. 2015) . On the other hand, some of the generated peptides have shown good antihypertensive and antioxidant activity (Escudero et al. 2012; 2013; Toldrá and Reig, 2011) .
However, to our knowledge, there are no studies describing antimicrobial peptides in dry-cured ham. In this sense, the identification of antilisterial activity in naturally generated peptides during dry-curing of Spanish ham would increase the value of this product by improving its safety especially when commercialized in sliced form. Thus, in this study, a peptidomic strategy has been used to identify and sequence those naturally generated peptides showing antilisterial activity derived from dry-cured ham protein degradation.
MATERIALS AND METHODS

Spanish dry-cured ham material
Spanish dry-cured ham was produced from 6-months old pig (Landrace x Large White).
As a pre-salting stage, hams were prepared according to traditional procedures. During salting, potassium nitrate was incorporated covering hams with NaCl and locating them in chambers at 1-3 ºC and 80-90% of relative humidity. During post-salting stage hams were subjected to a temperature increase (3-5ºC) and relative humidity decrease (75-85%) for 60 days. Finally, the ripening-drying was carried out at temperatures in the range of 14-20ºC and lower relative humidity (up to 70%). The total processing time was 10 months. All analysis was done in Biceps femoris muscle. Finally, the dried extract was dissolved in 25 mL of 0.01 N HCl, and stored at -20°C until use.
Bacterial strains and antimicrobial activity assay
Peptides extraction from dry-cured ham
Size-exclusion chromatography
The size exclusion chromatography was done using a previously equilibrated Sephadex showing the highest activities were put together freeze dried and dissolved in 1 mL of bidistilled water. A saline solution was used as negative control.
Reversed-phase high performance liquid chromatography
The reversed-phase chromatographic separation was done using an Agilent 1100 HPLC equipment (Agilent Tech., California, USA) with a Symmetry C18 column (4.6×250 The absorbance was measured at 214 nm and fractions of 1 mL were collected and assayed for L. monocytogenes inhibitory activity. Those fractions showing antilisteria activity were freeze dried and analysed by MS for the identification of the peptides. 
MALDI ToF analysis and peptide identification by LC-MS/MS
Peptide Synthesis
The most promising sequences of identified peptides were synthesized by GenScript Corporation (Piscataway, NJ, USA) and their purity was certified by analytical LC-MS.
The in vitro inhibition of L. monocytogenes and minimum inhibitory concentration (MIC) of synthetic peptides was determined by the critical dilution assay according to 
Statistical analysis
The ANOVA procedure was used to determine significant differences in the obtained MIC value using the software Minitab Statistic Program, v8.21 (Minitab Inc., PA, USA). Each statistical analysis was done in triplicate (n=3) and the normality of the data was tested before applying the ANOVA procedure.
RESULTS AND DISCUSSION
The application of antimicrobial natural compounds as a preservation approach has experienced a high interest during the last years due to the increase of consumer's demand for safe and fresh-tasting Ready-to-Eat products with low amounts of chemical preservatives. In this study, a peptidomic strategy has been used to identify and sequence those naturally generated peptides showing antilisterial activity derived from dry-cured ham protein degradation. The pathogen was chosen as the most frequently encountered on slices of dry-cured meat products (Vorst et al. 2006 ).
Samples of dry-cured ham were fractionated using SEC as shown in against the tested strains. These results are in agreement with previously described antioxidant and ACE-inhibitory activity results of dry-cured ham samples after their fractionation using a Sephadex G-25 column in which the highest ACE inhibitory activity (80% of ACE inhibition) was also detected from fraction 40 (Escudero et al. 2013) . Subsequent in vivo studies using Spontaneously Hypertensive Rats (SHR)
showed antihypertensive activity with a decrease of 40 mmHg in systolic blood pressure (Escudero et al. 2012) . Regarding antioxidant activity, a similar increase in DPPH radical-scavenging and ferric reducing power was observed from fraction 40 in a Sephadex G25 in the same study (Escudero et al. 2012 ). This fact would be related to the size of sequences of the peptides contained on that elution volume as it has been widely described that sequences comprised between 2-20 amino acids were the most characteristic for bioactive peptides. However, proteolysis is very dynamic and causes changes in the generated peptide sequences which can be created and hydolysed depending on the action of a wide distribution of endogenous enzymes that are acting during dry-cured ham processing.
Subsequently, these two active fractions (numbers 41 and 42) were pooled together and analyzed by RP-HPLC and fractions of 1 mL collected (showed in Figure 2) . After measuring the antilisterial activity, those peaks eluted at 4, 5, 6, and 7 minutes showed inhibitory activity against Listeria (0.8 ±0.2 mm in diameter). The size of the peptides included in these RP-HPLC fractions was elucidated using MALDI-ToF mass spectrometry at two different levels of m/z (from 200 to 900 m/z as it is showed in between 36 and 49 amino acids that have been described to be active against Listeria species (Nishie et al. 2012) . Regarding this, some bacteriocins loose the activity in meat products due to the action of specific meat ingredients such as salt and nitrite and conditions such as proteolytic degradation that destabilize their biological activity.ccording to the previously described as optimum molecular mass and sequence for antilisterial inhibition, some of the identified peptides were synthesized and their MIC calculated against L. monocytogenes CECT 4031 T and FBUNT strains ( Table 5) .
Among the twelve peptides synthesized, two of them failed to exert antilisterial activity.
The remaining ten peptides were able to inhibit L. monocytogenes growth, being the pentapeptide RHGYM identified in fraction 7 of RP-HPLC (see Table 4 ) the most effective with a MIC value of 6.25 mM. Non-similar sequences showing antimicrobial activity have been found but the tripeptide RHG have been previously described as a potential antioxidant sequence by Saito et al (2003) . Previous studies of bovine hemoglobin hydrolysates resulted into some peptides showing antimicrobial activity against E. coli, Salmonella Enteritidis, L. innocua and Micrococcus luteus. The peptide β114-145 and its peptic derivatives containing the RYH sequence exhibited the highest antimicrobial activity (85 µM) (Catiau et al. 2011a ). In addition, (Catiau et al. 2011b) determined that KYR was the minimal sequence of hemoglobin alpha-chain necessary to exert antibacterial activity. On the other hand, the important role of Tyr (Y) in the interaction with membranes together with the amino acid residues Arg (R) and Lys (K), which are known to act as peptide anchors in membranes by interacting with negatively charged membrane phospholipids was reported (Lopes et al. 2005) . In the present study, safer products as the use of natural antilisterial peptides as preservatives is an interesting alternative to chemicals compounds in the food area.
CONCLUSIONS
In this study a highly active antilisterial peptide has been identified among the naturally generated peptides in Fraction 7
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